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Abstract.—The Psychedelic Rock Gecko (Cnemaspis psychedelica) was recently discovered on 
Hon Khoai Island, Ca Mau Province, South Vietnam. Its striking coloration makes the species highly 
desired on the international pet market. Although public access to the Island is generally prohibited, 
a number of specimens were already illegally captured and internationally offered for extremely 
high prices. In contrast, the current wild population size and the extent of human impacts on the 
species remain unknown. The present study provides the first population size estimation using a 
capture-recapture method and evaluation of potential threats to C. psychedelica in order to assess 
its conservation status. While the wild population was found to be relatively stable and actively 
reproducing at time, we simultaneously recorded increasing habitat destruction, which might 
considerably affect the population of C. psychedelica. Thus, we herein provide recommendations 
for in situ conservation. Furthermore, we report the first record of C. psychedelica from another 
small offshore Island in Rach Gia Bay. 


Keywords. Population size, conservation status, habitat degradation, threats, in-situ species management, endemism 


Citation: Ngo HN, Nguyen TQ, Nguyen TV, Barsch F, Ziegler T, and van Schingen M. 2016. First population assessment of the endemic insular 
Psychedelic Rock Gecko (Cnemaspis psychedelica) in southern Vietnam with implications for conservation. Amphibian & Reptile Conservation 10(2) 
[General Section]: 18—26 (e124). 


Copyright: ©2016 Ngo etal. Thisisan open-access article distributed under the terms ofthe Creative CommonsAttribution-NonCommercialNoDerivatives 
4.0 International License, which permits unrestricted use for non-commercial and education purposes only, in any medium, provided the original author 
and the official and authorized publication sources are recognized and properly credited. The official and authorized publication credit sources, which 
will be duly enforced, are as follows: official journal title Amphibian & Reptile Conservation; official journal website <amphibian-reptile-conservation. 
org>. 


Received: 31 March 2016; Accepted: 16 June 2016; Published: 30 September 2016 


Introduction 
and Ngo 2007; Grismer et al. 2010). Cnemaspis psyche- 


The colorful Psychedelic Rock Gecko (Cnemaspis psy- 
chedelica) was recently discovered on Hon Khoai Island 
in Rach Gia Bay, Ngoc Hien District, Ca Mau Province, 
southern Vietnam, where it was assumed to be endemic 
(Grismer et al. 2010). The island, which is only about 
eight km? in size, is one of the biggest of the total 92 
islands in Rach Gia Bay. Currently, five Cnemaspis spe- 
cies are known from Vietnam, namely C. aurantiacopes, 
C. boulengerii, C. caudanivea, C. psychedelica and C. 
tucdupensis, whereas two (C. boulengerii, C. psychedeli- 
ca) are endemic to islands in southern Vietnam (Grismer 
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delica is the most strikingly colored Cnemaspis species, 
which makes it even more attractive for the pet trade. Al- 
though the public access to the island, which is managed 
by the military, is prohibited, concrete evidence exists 
for the repeated appearance of the species in the interna- 
tional trade (Altherr 2014; Auliya et al. 2016; Nguyen et 
al. 2015). Island species are particularly vulnerable to ex- 
tinction due to human impacts, because over-collection 
for the pet trade has frequently caused rapid local extir- 
pation of lizard species (e.g., Auliya et al. 2016; Stuart et 
al. 2006; van Schingen et al. 2015). 
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eggs on Hon Tuong Island. Photos H.N. Ngo. 


Basic knowledge on the current population status of 
C. psychedelica, its ecology and potential threats are still 
lacking, as it is the case for most lizard species in the 
region. To better understand the threat level of a species, 
population size estimations provide essential baseline in- 
formation and are thus crucial for wildlife management 
strategies and the assessment of the conservation status 
of populations and species (Ngo et al. 2016; Reed et al. 
2003; Traill et al. 2007). The present study aims to pro- 
vide the first assessment of the population size of C. psy- 
chedelica as well as an evaluation of potential threats, in 
particular human impacts, in order to assess its conserva- 
tion status and develop adequate conservation strategies. 
We further investigated seasonal variation in population 
size and structure by conducting field surveys both dur- 
ing the wet and dry seasons. In addition, we surveyed an- 
other, smaller offshore island in proximity to Hon Khoai 
to investigate potential occurrence of the species to as- 
sess its distribution range. 


Materials and Methods 
Field surveys. Field surveys were conducted during 
the wet season in November 2015 as well as during the 


beginning of the dry season in January 2016 on Hon 
Khoai Island, Rach Gia Bay, Ca Mau Province, south- 
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1. Habitat of Cnemaspis psychedelica. A. Hon Khoai Island: B. Microhabitat on Hon Khoai; C. Hon Tuong Island; D. Deposited 


ern Vietnam. In 2015, six transects (0.3 km to 1.1 km 
in length) along granitic cliffs and boulders were repeat- 
edly surveyed three times each. In 2016, a further site 
was studied in addition to previous sites. Furthermore, 
another small island (Hon Tuong), situated in proximity 
to Hon Khoai island was surveyed. Hon Tuong is about 
250 m? in size and situated in about 2.3 km distance from 
the ranger station on Hon Khoai Island. The access to 
another small Island (Hon Sao), which is used to breed 
monkeys, was not authorized. Surveys took place after 
sunset from 19:30 to 23:30 h. Animals were captured by 
hand and measured with a digital caliper to the nearest 
0.1 mm. Lizards were individually marked with a per- 
manent pen and released on the same spot after taking 
measurements (for details see Ngo et al. 2016, Fig. 2). 
This marking technique has the advantage of being non- 
invasive and inexpensive. Each spot was marked by a 
label made of waterproof paper to identify exact posi- 
tions of captured and recaptured animals. Based on direct 
observations during the field surveys on Hon Khoai, the 
extent of habitat degradation and anthropogenic pres- 
sures on the island was assessed. Local forest rangers and 
workers of the military were interviewed during random 
oral conversations to determine the general cognizance, 
perception, and use of the species in Vietnam. Due to pri- 
vacy rights, interviewees were kept anonymous. 
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. “poset 
Fig. 2. A. Cnemaspis psychedelica on Hon Khoai Island; B. Marked C. psychedelica on likewise marked occurrence site; C. Group 
of C. psychedelica at egg deposition site. Photos H.N. Ngo. 


Data analyses. We estimated the population size of 
C. psychedelica by applying a non-invasive “capture-re- 
capture” approach after Schlipmann and Kupfer (2009). 
Estimated population sizes refer to investigated sites and 
might not encompass the entire population of the species 
on Hon Khoai and the surrounding small islands. Based 
on snout-vent length (SVL) animals were categorized 
into two age classes (SVL > 58 mm = adult and SVL 
< 58 mm = subadult or juvenile), sexes, and in case of 
females, into gravid and non-gravid specimens to assess 
the population structure. To test for seasonal differences 
in population structure a Chi? test with a = 0.05 was ap- 
plied with GraphPad Prism version 5.0 for Windows, 
GraphPad Software, La Jolla, California, USA, www. 
graphpad.com. 


Results 


New record. During the present study, C. psychedelica 
was recorded for the first time from the small offshore 
island Hon Tuong, in the vicinity of Hon Khoai Island 
(Fig. 1C). In total 11 individuals were observed on this 
island, of which two were juveniles. Animals were exclu- 
sively found within the center of the island, which was 
covered by vegetation. In addition, some deposited eggs 
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were recorded, demonstrating a reproducing population 
on Hon Tuong Island. 


Population status. During the present study, individu- 
als of C. psychedelica were found along seven transects 
on Hon Khoai Island as well as on the small offshore 
island of Hon Tuong. A total of 267 different animals 
were captured during the wet season, of which 196 were 
adults, and 526 individuals (378 adults) were observed 
during the dry season (Table 1). Based on four investi- 
gated sites, population size estimates revealed about 365 
animals during the wet season and 576 estimated indi- 
viduals in the dry season. Including two further sites 
(viz. six sites), we recorded a total population size of 732 
individuals during the dry season on Hon Khoai Island. 
The effective population size (considering only mature 
individuals) was estimated approximately 507 animals 
during the dry season (Table 1). 

Regarding different surveyed transects, we found 
higher numbers of individuals during the dry season 
compared to the wet season. Only at site three, we found 
fewer individuals during the dry season compared to 
the wet season (Fig. 3). Contemporarily, we observed 
a distinct increase in some disturbances, such as habi- 
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Fig. 3. Seasonal variation in the population structure of 
Cnemaspis psychedelica on Hon Khoai Island during the wet 
and the dry season; n = 154 in the wet season, 410 in the dry 
season, respectively, B. Seasonal variation in the densities of C. 
psychedelica on Hon Khoai Island during the wet and the dry 
season. T1—6 = different habitat sites. 


tat destruction or waste around caves at this site, which 
probably had a negative impact on C. psychedelica. With 
regard to seasonal variations, the mean density of C. 
psychedelica along suitable habitat sites was estimated 
to be around 120 individuals per km/transect during the 
wet and 192 individuals per km/transect during the dry 
season. While densities were generally higher during the 
dry season, only at site three the calculated density was 
lower during the dry season compared to the wet season 
(Fig. 3). By comparing different habitat sites, the highest 
density of C. psychedelica was observed during the dry 
season at site five (277 individuals per km/transect; see 
Fig 3). This site was characterized by undisturbed dense 
forest, with closed canopy above the inhabited granite 
outcrops, relatively far from the Hon Khoai Ranger Sta- 
tion and areas used by the military. 


In addition to different numbers of encountered ani- 
mals during the wet and dry seasons, we further found 
a significant seasonal difference in population structure 
(Chi? = 7.98, df= 3, p < 0.05). Adult males accounted for 
the highest portion of observed animals during the wet 
season (47%), while adult females were most abundant 
during the dry season (38%, see Fig. 3). Furthermore, 
about one half of the observed females were found to be 
gravid during the dry season, in contrast to only 13% dur- 
ing the wet season (Fig. 3). 


Threats. A clear increase in habitat destruction was ob- 
served within only two months from November 2015 to 
January 2016. A large road around the whole island is 
being constructed, which already led to accelerated ero- 
sion within the adjacent forest (Fig. 4A—C). To flatten 
the area for the road construction, granitic formations, 
which provide the preferred habitat for C. psychedelica, 
were blasted with dynamite (Fig. 4B). During daytime, 
field surveys could not be conducted, because of frequent 
bursting activities. For example, we observed deer killed 
by these activities (Fig. 5C). Besides road construction, 
three artificial ponds were being built for farming fish 
as food resources and local use (Fig. 4D). Therefore, the 
circumjacent forest was cleared. According to our inter- 
views, some ecotourism programs are planned on Hon 
Khoai Island in the near future as well, which include the 
alteration and deterioration of rock habitats for C. psy- 
chedelica. Furthermore, fishermen are temporarily living 
on the island, and exclusively consume local resources 
(Fig. 4E). For example, they set up traps to catch moni- 
tor lizards, which we observed on both Hon Khoai and 
Hon Tuong islands (Fig. 4F). The fishermen set up their 
camps within the preferred microhabitat by C. psyche- 
delica, under granite karst or within caves, consigning 
a lot of waste in the surrounding forest. The recently in- 
troduced Long-tailed Macaques (Macaca fascicularis} 
known to feed on gekkonids—might represent another po- 
tential threat to C. psychedelica (Fig. 5A); however, the 
impacts are not yet fully understood so far (Grismer et 
al. 2010). In addition, C. psychedelica recently occurred 
in the international pet trade, even though public access 


Table 1. Estimated population sizes and total numbers of observed Cnemaspis psychedelica on Hon Khoai and Hon Tuong islands; 
Est. „~ estimated total individuals, Est. = estimated effective size (mature individuals), Obs. „= totally observed individuals, Obs., 


= number of observed mature individuals. 


Site Wet Season Dry Season 
Est. (Est..) Obs.,,,(Obs..) Est. (Est) Obs.,,,(Obs..) 

1 (Hon Khoai) 6 (5) 97 (68) 74 (56) 

2 (Hon Khoai) 98 (64) 63 (31) 157 (101) 124 (78) 

3 (Hon Khoai) 99 (94) 68 (66) 72 (49) 39 (27) 

4 (Hon Khoai) 69 (45) 53 (35) 117 (77) 101 (69) 

5 (Hon Khoai) 99 (72) 77 (59) 133 (82) 83 (58) 

6 (Hon Khoai) — — 156 (130) 94 (81) 

7 (Hon Tuong) — — — 11 (9) 
Total 365 (275) 267 (196) 732 (507) 526 (378) 
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ays; B. Forest opening and blasting of 


granite karst formations; C. Building of new roads; D. Building of artificial ponds to store freshwater; E. Camp of a fisherman living 


on the island; F. Trap for Monitor lizards. Photos H.N. Ngo. 


to the island is generally prohibited (e.g., Altherr 2014; 
Auliya et al. 2016; Nguyen et al. 2015). 


Discussion 


The colorful Psychedelic Rock Gecko was thought to be 
endemic to Hon Khoai, one of the biggest islands in Rach 
Gia Bay, while our new record from Hon Tuong Island 
indicates a slightly wider distribution range and for the 
first time its existence also on very small islands. Ngo et 
al. (2016) also reported the occurrence of another insular 
gecko from Vietnam, Goniurosaurus catbaensis, origi- 
nally thought to be endemic for Cat Ba Island, on very 
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small nearby offshore islands in the Ha Long Bay. These 
findings highlight the importance of such small islands 
for gekkonids, which have long been overlooked. We as- 
sume that C. psychedelica probably occurs on other simi- 
lar small islands in the Rach Gia Archipelago (e.g., Hon 
Sao, Hon Doi Moi, Hon Da Le), but still endemic to Rach 
Gia Bay. Due to the small sizes of the islands and the lim- 
ited exchange between populations the genetic variabil- 
ity and thus the effective population size is assumed to 
be quite low (Charlesworth 2009). We thus recommend 
future studies on population genetics of C. psychedelica, 
which can shed more light into island ecology of tropical 
lizards in general. 
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of granite outcrops; D. Naturally occurring but injured C. psychedelica. Photos H.N. Ngo. 


The present population estimation suggests a stable 
and actively reproducing population of C. psychedelica 
at least on Hon Khoai Island. While densities of the spe- 
cies at untouched sites were found to generally have in- 
creased from wet to dry season, we observed a decrease 
of the individual number in the areas, which were most 
strongly affected by habitat degradation. We assume that 
the current habitat destruction as well as the planned de- 
velopment of ecotourism will probably interfere with C. 
psychedelica natural populations, because the species 
was found to flee hastily in response to the presence of 
humans. Touristic activities and the presence of humans 
were already found to negatively affect other range re- 
stricted lizards such as Shinisaurus crocodilurus or Gon- 
iurosaurus species in northern Vietnam (Ngo et al. 2016; 
van Schingen et al. 2015). Regarding the small size of 
Hon Khoai Island, the availability of remaining alterna- 
tive sites for C. psychedelica is limited. Since the species 
was only discovered in 2010, long-term population data 
is lacking and long-term consequences of habitat altera- 
tion are not yet investigated in detail. 

Furthermore, the lizard’s striking coloration attracts 
increasing interest in C. psychedelica in the international 
pet trade. Even though public access to and the export 
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of wild fauna for commercial purposes from Hon Khoai 
Island is prohibited and the collecting and caging of wild 
animals must be permitted by authorized state bodies, 
in accordance with the Law on Forest Protection and 
Development No. 29/2004/QH11, unsustainable inter- 
national trade of C. psychedelica has been confirmed in 
recent studies (Altherr 2014; Auliya et al. 2016; Nguyen 
et al. 2015). Cnemaspis psychedelica is currently mainly 
traded through internet platforms, where animals fetch 
extremely high prices up to $3,500/ pair (Aulyia et al. 
2016). 

In addition to online trading, we also observed C. psy- 
chedelica on the world’s biggest reptile market in Hamm, 
Germany in November 2014. The same dealer told us in 
December 2015, that he was going to receive several new 
pairs of C. psychedelica in the beginning of 2016. There 
is already evidence for the existence of several indepen- 
dent traders offering C. psychedelica and an increasing 
demand for the species, especially in Europe and the 
US (e.g., Altherr 2014; Auliya et al. 2016; Nguyen et al. 
2015). Even though the trade in the species as well as the 
habitat destruction only started and the wild C. psyche- 
delica population still appears to remain stable, recent 
examples on other lizard species underline the risk of 
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Protection of the Psychedelic Rock Gecko on Hon Khoai Island 
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Fig. 6. Signboard handed over to the Forest Protection Department of Ca Mau Province to point to the threats and conservation 
needs of the Psychedelic Rock Gecko in English and Vietnamese languages. Layout and text by Thai Do, Anna Rauhaus, Khoi Vu 
Nguyen, Truong Quang Nguyen, and Thomas Ziegler. Photos TO. Nguyen (habitat) and T. Ziegler (geckos). 


local extinction in particular of range restricted and spe- 
cialist species. Cases of rapid local extirpations shortly 
after discovery due to over-collection have been recorded 
for other charismatic lizard species in the region, such as 
Goniurosaurus luii and Shinisaurus crocodilurus (€.g., 
Auliya et al. 2016; Stuart et al. 2006; van Schingen et al. 
2015). Learning by experience, we recommend to initiate 
immediate conservation actions, as long as access to the 
island is still limited and wild populations are still intact. 

As a first measure, a Psychedelic Rock Gecko breed- 
ing facility was recently built on the mainland of southern 
Vietnam by Wildlife at Risk (WAR) in cooperation with 
the Institute of Ecology and Biological Resources (IEBR) 
and the Cologne Zoo, to establish an insurance popula- 
tion in captivity as basis for a potential future conserva- 
tion breeding program (Ziegler et al. 2015; Ziegler and 
Nguyen 2015). In March 2015, a small breeding group 
of C. psychedelica was transferred from Hon Khoai Is- 
land with relevant permits provided by the government 
authorities to the Psychedelic Rock Gecko breeding fa- 
cility, where breeding has been succeeded (Ziegler et al. 
2016). In order to improve the conservation breeding 
and long-term management of the species, comprehen- 
sive research on its ecology and habitat requirements is 
currently being conducted by our team. This knowledge, 
in concert with the present first population analysis and 
evaluation of threats, will provide crucial baseline data 
for further conservation measures. Recently, based on 
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our first research results, C. psychedelica was included 
in the IUCN Red List of Threatened species, listed as En- 
dangered (Nguyen et al. 2016). To further enhance the 
protection status and control the international trade in the 
species, the listing of C. psychedelica on the Appendices 
of the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) is strongly 
recommended, since the rising international demand in 
the species has posed increasing pressure on wild popu- 
lations. 

To raise awareness, a campaign was recently initiated 
by our team and signboards highlighting the conservation 
needs of C. psychedelica were provided to the provincial 
authorities to be shown on Hon Khoai Island (Fig. 6). Lo- 
cal rangers were equipped with camera and GPS devices, 
and funds were raised to install big waste buckets along 
forest paths to reduce pollution on the island. Moreover, 
first discussions on the potential establishment of a na- 
ture reserve on Hon Khoai Island to facilitate long-term 
habitat and species protection recently were held with the 
Forest Protection Department of Ca Mau Province and 
the joint planning of further activities for habitat and spe- 
cies protection took place in March 2016 (Ziegler and 
Nguyen 2016). 
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